OBJECTIVE: To examine the relationship between maternal smoking during pregnancy and the body composition of offspring. SUBJECTS: Grade 4 elementary school children (n ¼ 1366; boys/girls, 724/642; 9 --10 years old) were enrolled in this study. All parents answered a lifestyle questionnaire, and children underwent passive smoking tests. Urinary cotinine measurement and lifestyle screening test parameters (that is, body weight, body length, body mass index (BMI), obesity index (OI), blood tests for liver function and lipid profile and questions regarding maternal smoking and lifestyle) were evaluated in terms of their relationship with maternal smoking. In addition, urinary 8-hydroxydeoxyguanosine (8-OHdG) concentration was measured in 80 randomly selected children to assess its relationship with oxidative stress. RESULTS: Both BMI and OI were significantly higher in children whose mothers smoked during pregnancy than in those whose mothers never smoked (BMI: 17.2±2.7 vs 16.9±2.5 kg m --2 , P ¼ 0.016; OI: 2.7±14.3% vs 0.4±14.0%, P ¼ 0.003). The degree of elevation was positively correlated with the duration of maternal smoking. The increases in BMI and OI resulted from increased body weight and reduced height. The confounding factors---'breakfast with family', 'watching television at dinner', 'eating and drinking before sleep', 'watching television for 42 h', 'sleep duration o8 h' and 'playing sports'---were statistically significant. BMI and OI were significantly high in children whose mothers smoked during pregnancy in these six confounders. On the other hand, urinary 8-OHdG concentration was negatively correlated with BMI in children who had 41.3 ng ml --1 urinary cotinine, suggesting that it may be related to basal metabolism due to oxidative stress. CONCLUSION: Maternal smoking is a risk factor for higher BMI and OI in 9-to 10-year-old children whose mothers smoke during pregnancy and may be independent of other confounding factors.
INTRODUCTION
It is reported that obesity during adolescence is a risk factor of elevated mortality during middle age. A recent large-scale epidemiological study of 230 000 14-to 19-year-old Norwegian adolescents found that the relative risks of ischemic heart disease, colon cancer, respiratory disease and sudden death were (male/ female) 2.9/3.7, 2.1/2.0, 2.7/2.5 and 2.2/2.7, respectively. 1 Therefore, adolescents must receive lifestyle education to prevent obesity as the relative risks of these diseases are 2 to 3 times greater for them. In addition, studies have also shown a relationship between childhood obesity and birth weight. According to these reports, infants with higher birth weights tend to be obese during childhood, whereas infants with lower birth weights tend to grow rapidly after birth and become obese later on. 2, 3 Furthermore, the relationship between low birth weight and future metabolic syndrome has also been documented. The so-called Barker hypothesis, which states that low birth weight is due to abnormal programming during the fetal period, and subsequently induces insulin intolerance, an abnormal lipid profile and obesity, has recently been re-evaluated. 4 Fetal programming implies that during critical periods of prenatal growth, permanent changes in metabolism or structures result from adverse intrauterine conditions. Furthermore, it is well known that maternal smoking during pregnancy increases the incidence of low birth weight and results in obesity after the child has grown. 5 --7 However, many studies have shown that maternal smoking during pregnancy is not a direct risk factor of child obesity and that other confounding factors are more significant. 6 In these situations, we hypothesize that fetuses can suffer from oxidative stress during pregnancy, thereby altering the fetal programming of growth; such changes might leave the fetus susceptible to obesity and metabolic syndrome later in life. A cross-sectional study was conducted to test this hypothesis.
PATIENTS AND METHODS
This study was a cross-sectional study---specifically, a retrospective cohort study. A total of 1366 grade 4 elementary school children (boys/girls ratio, 724/642; age range, 9 --10 years) were enrolled in this study. All children underwent both lifestyle and environmental tobacco smoke screenings simultaneously from June to October 2010. This number of children represents 74.6% of all 1831 grade 4 children from 29 elementary schools in Kumagaya City, Japan. There were two questionnaires: an environmental tobacco smoke screening questionnaire (that is, the smoking status of parents during pregnancy and at present, birth weight and gestational age) and a lifestyle questionnaire (that is, information about the lifestyles of the grade 4 schoolchildren) as reported previously. 8 A total of 1786 (97.5%) and 1426 (77.8%) subjects participated in the lifestyle and environmental tobacco smoke screenings, respectively. The cotinine concentration in urine obtained in the beginning of the morning was measured as a biological marker of environmental tobacco smoke in all children. A highly sensitive enzyme-linked immunosorbent assay method was used to measure urinary cotinine as described previously; 8 the detection limit of this method is 1.3 ng ml --1 . The items measured in the lifestyle screening test included body weight, length, body mass index (BMI), obesity index (OI) and blood tests. The OI was calculated using the following formula: (weightÀreference mean weight in Japan)/reference mean weight (%); BMI was calculated using the following formula: weight (kg)/length (m 2 ). Blood tests included measurements of white blood cells, red blood cells, hemoglobin, hematocrit, liver function tests (aspartate aminotransferase, alanine aminotransferase) and lipid profiles of total cholesterol (TC) and high-density lipoprotein cholesterol (HDL-C). The atherosclerotic index was calculated using the following formula: (TCÀHDL-C-HDL-C).
Children were divided into two groups on the basis of whether their mothers smoked during pregnancy; each parameter was compared between the two groups. In addition, urinary 8-hydroxydeoxyguanosine (8-OHdG), which is considered to be a biomarker of DNA damage due to oxidative stress, was measured in 80 children. These 80 children consisted of a sum of 20 to 30 children who were randomly selected from three groups with low, middle and high concentrations of urinary cotinine. Urinary 8-OHdG concentration was then compared with BMI and maternal smoking. Urinary 8-OHdG concentration is expressed as ng mgCRE À1 kg À1 , which was corrected by adjusting for creatinine in urine and body weight.
Analysis of variance was used for comparisons between X3 groups, and Student's t-test was used for comparisons between two groups for variables with normal distributions. The w 2 -test was used for categorical variables. StatMate III (Atoms Company, Tokyo, Japan) was used for all statistical analyses, and the level of statistical significance was set at Po0.05.
RESULTS
In the questionnaire, 945 mothers (69.2%) never smoked before or during pregnancy; the remaining 421 mothers (30.8%) smoked before and during pregnancy. Of the 421 mothers, 274 (65%) quit smoking when they knew they were pregnant, 59 (14%) smoked until 3 months of pregnancy, 21 (5%) smoked until 6 months and 67 (16%) smoked until 10 months.
The comparison of the birth weights, gestational ages, body weights and lengths of grade 4 children revealed that the BMI and OI were significantly related to maternal smoking during pregnancy; both BMI and OI were significantly higher in children whose mothers smoked during pregnancy than in children whose mothers did not (mothers who smoked vs mothers who did not smoke; BMI: 17.2 ± 2.7 vs 16.9 ± 2.5 kg m --2 , P ¼ 0.016; OI: 2.7 ± 14.3 vs 0.4 ± 14.0%, P ¼ 0.003; Table 1 ). Body weight and length were not significantly different between the two groups. Urinary cotinine concentration was significantly higher in children whose mothers smoked during pregnancy. When these parameters were compared among the four groups on the basis of the periods of pregnancy, the birth weight, body weight and length in grade 4 children whose mothers smoked until 10 months of pregnancy were significantly different from those of other groups (Table 2 and Figure 1 ). However, there was no significant difference with respect to gestational age among the periods of maternal smoking during pregnancy. These results indicate that the decreased birth weights of babies whose mothers smoked until 7 to 10 months of pregnancy are due to intrauterine growth retardation and not premature birth. Regarding the relationship between the periods of maternal smoking and body weight and length, body weight was significantly greater and body length was significantly shorter in children whose mothers smoked until 7 to 10 months compared with children whose mothers never smoked (Po0.01 and Po0.05, respectively; Student's t-test, Figure 2 ).
There were no significant differences in the items measured for lifestyle screening between the two groups divided on the basis of maternal smoking during pregnancy (Table 3 ). Blood lipid profiles were not significantly different with respect to TC, HDL-C, lowdensity lipoprotein cholesterol (LDL-C) or atherosclerotic index between the two groups. However, when the subjects were subdivided according to periods of maternal smoking, LDL levels were higher in children whose mothers smoked until 4 to 6 months and 7 to 10 months of pregnancy ( Figure 3 ). The comparison of the lifestyle questionnaire items affecting the body composition of children revealed that 'breakfast with family', 'watching television at dinner', 'drinking or eating before sleep', 'watching television for 42 h', 'sleep duration o8 h' and 'playing sports' were significantly different between the two groups. These results suggest that children whose mothers smoke during pregnancy have lower-quality lifestyles than children whose mothers did not smoke during pregnancy (Table 4) .
At present, the smoking rates of mothers who smoked and did not smoke during pregnancy are 55% and 3%, respectively. Urinary cotinine concentration was significantly higher in children whose mothers smoked during pregnancy than those whose mothers did not (14.9 ± 31.9 vs 3.5 ± 7.3 ng ml --1 ;
Po0.0001; Table 1 ). However, there were no relationships between urinary cotinine concentration and body weight, length, BMI or OI.
In every confounding factor of the six lifestyle items described above, both BMI and OI were significantly different between the two groups (Table 5) . Therefore, these results suggest that maternal smoking during pregnancy is an independent risk factor regardless of these confounding factors.
In addition, urinary 8-OHdG concentration tended to be higher in children whose mothers smoked during pregnancy than in those whose mothers did not (0.24±0.34 vs 0.12±0.18 ng mgCRE À1 kg À1 , P ¼ 0.12), although this was not statistically significant. On the other hand, urinary 8-OHdG concentration was negatively correlated with BMI in children in whom urinary cotinine levels were 41.3 ng ml À1 (Figure 4 ).
DISCUSSION
We previously evaluated the relationship between maternal smoking during pregnancy and obesity of the offspring, and Figure 3 . Relationship between duration of smoking during pregnancy and LDL-C level in offspring. *indicates body weight on the bar, Po0.01; **indicates body length, Po0.05. found that maternal smoking is a risk factor of childhood obesity. 8 The results in the present study revealed that maternal smoking until 7 --10 months of pregnancy causes a 150-g decrease in birth weight; this weight loss might be attributable to intrauterine growth retardation but not premature birth. Furthermore, the degree of weight loss is similar to those found in other studies. 9 The mechanism underlying this decrease in birth weight is as follows: the oxidative stress of nicotine and carbon monoxide in tobacco smoke induces vasoconstriction in the placenta, which in turn causes ischemia in the fetus. 10 Another possible mechanism is that maternal anorexia induced by smoking may cause fetal malnutrition.
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According to the hypothesis of the fetal origin of adult disease (the so-called Barker hypothesis), the BMI of a low-birth-weight infant increases rapidly after birth and increases during adolescence with a tendency toward obesity. 12 Although the underlying mechanism remains unknown, it is suggested to be because of programming changes in neurotransmitters and hormones secreted from the hypothalamus. 13 Furthermore, abnormalities in the lipid profile and insulin tolerance have been found in adolescents and adults born with low birth weights, possibly making them susceptible to metabolic syndrome.
14 Although glucose tolerance was not evaluated in the present study, LDL-C levels were significantly higher in children whose mothers smoked until the third trimester of pregnancy. The difference in the LDL-C level was only 5 --6 mg dl --1 ( Figure 3) ; the difference may become larger every year. Consequently, it is possible that these children will experience a premature onset of atherosclerosis in the future.
In addition, the increased BMI and OI resulted from the slightly shortened length and slightly increased weight observed in this study. It is well known that children whose mothers smoked during pregnancy have reduced length at birth. Therefore, the increases in BMI and OI are induced by changes in either length or weight. The body composition of these offspring will likely be huskier than normal. The differences in both BMI and OI between the two groups were small but significant at this age. However, in adolescence, these may be clearly similar to LDL-C levels. The subjects of this study had a very limited age range (9 to 10 years old); in the future, it would be interesting to observe how their body compositions change over time. The sex differences in BMI and OI may be also important. However, in our study, there were no significant differences in BMI, OI or lipid profiles between children whose mothers smoked and never smoked during pregnancy. A prospective cohort study is necessary to clarify whether these children will become obese or develop metabolic syndrome in the future.
In general, it is likely that confounders such as socioeconomic status, education levels and lifestyle levels are worse in smoking than in nonsmoking mothers. Therefore, children with smoking mothers have a greater tendency to be obese than those with nonsmoking mothers. When the relationship between maternal smoking and offspring obesity is discussed, there are no doubts that multiple risk factors may be related to childhood obesity. However, whether maternal smoking is an independent risk factor is still a matter of debate. In this study, the lifestyles of 9-to 10-year-old children whose mothers smoked during pregnancy were worse than those of children whose mothers did not smoke; six confounding factors were significantly different between these two groups. Maternal smoking during pregnancy significantly increases BMI and OI with respect to each confounding factor, suggesting that it is an independent risk factor. Urinary 8-OHdG and cotinine concentrations were not related in 9-to 10-year-old children. However, they were slightly elevated in the offspring of mothers who smoked until the third trimester of pregnancy compared with those of nonsmoking mothers. Moreover, in children with urinary cotinine concentrations 41.3 ng ml --1 ---the level that indicates the effects of environmental tobacco smoke---there was a negative correlation between urinary 8-OHdG concentration and BMI. In adult studies, 8-OHdG is also negatively correlated with BMI. 15, 16 Adult smokers usually exhibit body weight loss; the degree of weight loss is positively correlated with 8-OHdG concentration, which is an indicator of oxidative DNA damage. To the best of our knowledge, there are no such studies demonstrating a relationship between passive smoking and 8-OHdG as a marker of oxidative stress in children. In this study, urinary 8-OHdG concentration was negatively correlated with BMI in grade 4 elementary school children because of the effects of environmental tobacco smoke regardless of maternal smoking during pregnancy. In adult smokers, this results in more weight loss and higher oxidative stress; therefore, the present results in children exposed to environmental tobacco smoke appear to be similar, 15 that is, children exposed to environmental tobacco smoke may tend to lose weight because of higher basal metabolism induced by oxidative stress.
This study was a cross-sectional study that analyzed the data of children on the basis of both lifestyle disease and environmental tobacco smoke screenings. However, there are no data regarding confounding factors such as parental socioeconomic status, educational status, maternal weight and bottle feeding, which might affect body weight gain in children; all of these factors are considered possible risk factors. 17, 18 Therefore, multiple factors are considered to affect the body weight gain of children. These multifactorial risks were evident in the present study as well. We believe that maternal smoking during pregnancy is an independent risk factor of offspring obesity because there were significant differences in BMI and OI with respect to each confounding factor.
In conclusion, maternal smoking is a risk factor for increased BMI and OI in 9-to 10-year-old children whose mothers smoked during pregnancy and is considered to be independent of other confounding factors. Therefore, all young women who reach the age of pregnancy should abstain from smoking.
